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Abstract
The collective excitations of some neutron-deficient barium, xenon, and

cerium isotopes have been studied with germanium counters. Various (heavy ion,

] 12 3
xn) reactions have been used to produce 126Ba, 12+Ba, 122Xe, OXe, and 1 Ce.
o . 15k 15k, . : . - e
The decay of Pr to Ce, with a half-life of 17 % 2 minutes, vwas also studied.

Partial level schemes for the ground-state rotational bands up to spin 8+ or 10+
are proposed for the nuclides investigated. The lifetime of the first-excited
o s 126 . e -10
state in Ba has been determined to be .2.7t0.5 x 10 seconds and, hence
. , . 126
gives the deformation of Ba as B = 0.2L4+0.02.
The implications of the rotational energies and spacings as related to

deformation in this region are discussed.

M v
This work was performed under the auspices of the U. 5. Atomic Energy
Commiission ' :

Present address: Lavwrence Radiation Laboratory, University of California,
Livermore, California.
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1. Introduction
The existence of three regions in the periodic table where deformed

nuclei exist is now well established. The properties of these nuclei have

1,

no

been surveyed by several authors ). Experimental evidence concerning a

fourth region of deformation where N and 7 both lie between 50 to 82

82 was
first given by Sheline, Sikkeland, and Chanda5) who observed the first-excited
states in lBOBa, 128Ba, and 12 Ba. These isotopes were subsequently studied
by Chanda *’5), who proposed partial-level schemes for the three barium nuclei.
The evidence suggesting thét the nuclei in this region might be deformed con-
sisted mainly of (1) systematics of the first-excited state energies, and (2)
the ratio of the energy levels observed in relation to that expected for rota-
tional bands in even-even deformed nuclei.

The study of the collective energy levels of nucleil in this new region
of deformation is also the subjéct of the present work; in particular we have

: N l
studied the levels of leoBa, 12-Ba, lggXe, 1?OXe, and 15]06. The systematic

investigation of collective levels following radicactive decay is not.always
possible, so that other methods have been used in most of this work.

Several groups have observed the gamma rays from de-exciting nuclei

: : . 6y ..
produced in nuclear reactions. Morinaga and Gugelot ) first observed such
ganma rays in the cascade to lower excited states of nuclei produced in (C¢,xn)
. ) 7 .

reactions. Hansen, Elbek, Hagemann, and Hornyak ') used (p,¥n) reazctions and
studied the spectra of the conversion electrons from various targets using =
magnetic spectrometer. Stephens, Lark, and Diamond ), using (heavy ion,xn)

resctions, observed the de-excitation cascades using an electron spocitronetor
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and also Nal(Tl) and germanium solid-state detectors. As shown in these works,

the pround-state rotational band couldbalways be seen up to the 6+ or 84 leveld,

9-11

More recently several authors ) have reported studics using similar

techniques. The work of Miyano et al. in observing the collective states in
130

(¢ . . sy s s . .
Ba is of particular interest as it is in the neighborticod of the new region

of deformation. This work verifies that of Chanda ) who used radiochemical

130

2 O .
techniques on 15 ILa to obtain the states in Ba. The Miyano work also demon-

strates the desirability of investigating more of the nuclei in this region with
the "in-beam” technique.

2. Experimental Procedures

The Berkeley heavy-ion linear accelerator (Hilac) vas used to accelerate

6 12!
beams of 1hrN, 120: llB, and lOB to the energies required to produce lgoBa, LBa,
- l z N i
122Xe, 12OXe, leCe, and l)uPr from the appropriate targets (table 1). The desiced

isotope's excitation function was calculated by using the Jackson Model 12). The
ion energy corresponding to the peak in the excitation function was used as-a
starting point to look for the desired product. A crude excitation function was
then experimentally obtained by observing'the products ét various energies. In
most cases the energy calculated from the Jackson.Model for the peak of the excita-
tion function and thé value determined experimentally vere within 35 MeV., The
.qubarding energy given in table 1 is the one which gave the cleanest speotrum'of

i 122

12h, :
the desired reaction product. In the case of Ba and Xe, two differcnt

reactions vere employed, using different projectiles and targets.
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2.1. - IN-BiAM ’BOMBARDI-:II:’:W‘ METHODS
The cxperimental setup Tor the in- -bean gamma-ray detection (fig. 1)
consisted of: (a) a retractable gold scatter foil- dnd a beam -energy detector
for’beam—energy measurements, (b) a colllmat01 of approximately 3/8 in.
diameter connected to an electrometer which mcasured the beam hitting the
cgllimator and'facilitated.focusing of the‘beam; (c) the targel assembly which
included the target on.a retractable éaddle énd lucite windows whichvallowed
viewing the target while inlthé beam location,_(d)_thé Faraday cup, connected
to?ah eiegtrometer which measufed the bean intensity, andb(e) the lithiwn-
.drifted gérmanium couhtér which wés ﬁsually,placed:a few millimeters from the
lucite window at 90 deg. to the beam direction.
| :Sincevthe Hilac'”paftiél-energy” beam was used, no degfadation of the
beam by absorbers was neceésafy. Thé desired enefgy was achieved by changing
thé tilt of the gradiént'in the pdst—stripper tanké and adjusting the tank
tpﬁers. The beam was magnetically analyzed by defiéction through 52°, and then
traﬁeled»through a quadrupdle focusing magnet.into the exﬁerimental area. The
béam—energy was'measured by scattering the bean fom a thin (~l mg/cme),gold roil
into a solid—sﬁate defeétor which vas at an angle of 20° to the beam. The detector
was-calibréted vith fhe full-energy beam (lO.hiO}Q) MéV/nucieon 15) and the beam
energy measured was considered accurate to within'i—E%. The ratio of the beam.
hittiﬂg»the Faréday cup tb that ﬁitting_the Coilimator in. front of the target wvas

used as an and in flnal focu51nﬂ of -the beam. This ratio was generaily 2:1 or

better; although it did at times go as low as 1:2. The average beam currents woere

held to 2 few nA when using the Li-drifted germanium counter to detect the gumma rays.
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Table 1. Nuclear reactions employed. l”
Isotope React{on‘ Approx. Heavy Ton
' Bombharding TIincrgy .
L . (MeV)
126Ba :.Llsln(J N, 3n) " Ba . 52
l... . ol L
lnga‘ llﬁln(luN, 5n)l".Ba;, - 84
116, - 12k
Mosn(*ec, tn)'e'pa | 80
122y _1151n(10B, Bn)IEEXe  T 57
15 0
120%e Mo (9%, 5n) % 67
), zh
lj%Ce , 1271(;¥B, Mn)l§¥0e . , 57
) Y . 1 i‘ ’ .
A5 0py Rhrtee, sn)Per - 90
)‘\
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by the negative-voltage gradient an amount depending on their distance of emission

5 | | UCRL-1657)

The beam—pulse repetition’raté-was twelve pulses per second in the early part
of this wori, and was later increased to forty pulses pe; second. The beamn-
pulsq)length was ~5 milliseconds.

The targets used were of two types: (l)‘£hin self-supporting targets,
and (2) tﬁick targets. Thin (about 5 mg/cme) self-supporting metallic targets

of indium and separated tin isotope were used in.the gemma-ray apparatus as pre-

viously described (see fig. 1). Thick targets of indium and lead iodide vere

‘used in a terminafing_target holder, where the térget holder itself served as
the Faraday cup. The thick targets were: 0.005-in. thick indium foil targets,

and approximately 20 mg/cm lead iodide powder which served as an iodine target.

~The lead ilodide targel was made by pressing the'?owderéd lead iodide into a flat

disk and tnen spraying it with an acrylic lacquer to form a support for the

- pressed powder.

2.2. - LIFETIME MEASUREMENT PROCEDURE

" The method used for measuring the lifetime of the first-excited state
. 126 ) : : : 1k )
ol Ba was essentially that of Novakov, Hollander, and Graham ). The equip-
ment was set up by Burde, Diamond, and Stephens and made use of a small wedge-
gap electron spectrometer. The diagram ol the high—letage target arrangement

is shown in fig. 2. As the reaction products are made, they are given a recoil

energy around 5 MeV. Conversion electrons are given off before the recoiling

~ nuclei reach fhe_négative hiéh-ﬁoltage grid, which is placed at a distance

depending on the mean lifetime of the level. The electrons are then slowed down

s
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_from the grid. After passing.the grid, the eclectrons are acéélerated by -the full-
voltage gradient to an energy greater than their original energy. In this:manner
an electron is given an additioﬁal amount of energy, the magnitude of which dopends
on the fecoii distance before electron emission,'and therefofé on the lifetime of
the nuclear state”inyolved. By comparing the-elgctronvenergy with'the'high voltage
off to'thatvwhen it'is on, andlkhowing the reébil velocity and applied voltage, one
can obtain the mean lifetime of;the state. To oﬁﬁain & reference peak position,
the .negative voltage was applied-bnly-to every Other'ﬂilac pulse; ﬁhus by staring

‘ .the information separatgly, a'péfturbed and unperturbed peék were recorded during»
the same mégéetrsweep. Target fhickness of ~200 pgm/CmQ vere used. A descriptiﬁn

of the calculations and uncertainties involved has been given elsevhere l)).

. : 'zh . -
2.3..  RADIOCHEMICAIL STUDY OF B Pr DECAY
134

In studying the energy levels of ~~ Ce, rédiochemical separation and study

134

of the radicactive decay of Pr vere employed as well as the in-beam technigue.

_ L . = _ .
The former procedure was similar to that used by Chanda )). The copper iodide
target was prepared by evaporating'the copper iodide in vacuum and depositing it

‘ S . 5
on 2.7 mg/cm2 nickel foil. Target thickness varied between 1 and 2 mg/cm . A

]
beam of carvon ions, with a beam current of around 150 nA, was used. The praseo-
) : _ > .

dymiun nuclei produced were chemically separated from the other products present.

13k

A crude excitation function was measured, and Pr was produced with maximun

vield by selecting the beam energy as ~90 MeV. A detailed description of the
S R 15
procedures used here has been given elsevhere )ﬂ
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5. Results
The mass assignments-of the nuclei considered in this work wvere bused

- on geveral criteria. The poak of the calenlusted excitation function Tor &

product formed in a given reaction was used as a starting point for investigation

. i g - 126 122,
of' the nuclides studied. The assignment of the amm‘ -rays from Ba and re

: : ' I 26 '
vas in agreement with the values previously found by Chanda ) (] )Ba) and Morinaca

6y 122 3l
]O) (]? 150 Pr radiochemical study and the in-

and Lark Xe). The results of the

. . N . L '
beam method both support the assignment of the lthe levels. Since 12 Ba was

produced by two reactions, with different targets and projectjles, both giving.

the same transitions, this mass assignment is likewise considered to be quite
certain.

The spin and parity assignments were made from the systematic Behavior
of the observed lines. This includes (1) the regular. spaCJng of the trapsition

encrgies, approaching in some cases the T(I+1) rotational spacing, (2) the out-

siandlng intensity of the lines whlch decrea,ed,monotonlcally with increasing

transition energy, and (%) the knowledge that in all cases where the spins and

parities were known, the ground-state rotatlona] vand was the most prominent
126

(or only) band populated by the method used. In the case of '?)Ba, the K2

assignuent Tor the lowest ene rgy tranoltzon was also supportied by its lifetime

( .
and the measured K/L intensity ratio.

The germanium counter was callbratﬂd oy the use of several gamma-raoy
=

Lo " s 177,

| standards. The stand&r used in the 0-500. keV range is an ef‘Fptzouc.T
o o@ good standard sinee it has over 20 transitions or peaks easily resolvad with

I these counters . The use Lu and other standards enabled us to

eanurae the ganma-ray energles to an accuracy of il keV. .
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In the rest of this section the nuclides will be discussed individually.
“Section 4 will summarize the data and discuss their interpretation.

.

3.1 BARTUM-126
The gamma-ray spectrum as found near the peak of the n(th,)n) excita-
tion funotion is éhown in fig. 3. The relativé intensities of the first four
transitions'of 126Bq as obsorved werev1.00:0;65:O.h7:o.26,(afﬁer correction for
absorbers andidétector efficienoy). \In addition to the transitions that have
been aééigned to 126Ba' three other peaks vere found. The 5ll-keV‘annihilation
radiation peak the 560 keV 5In Coulomb excitation peak, and a 690 keV pcay
can be seen. The 690 keV peak 1s observed vin all Li- drlfted germanium counter
spectra when fas t neutrons are prnsent and resu]ts from a fe Ge(n,n')7
reactioh " The pdrtlal -level schemc involving the ground state xotdtLonal band

is shown in flg L,

The K/L ratlo of uhe 256-keV level vas measured to be L.5:0.6, and vhile

agreoment with the theoretical value for an E2 transition is not exact (K/L = 5.4),

the transition has been‘so,assigned. (The theoreuncal K/L ratlo for an M1 transi-
tion of this energy would be 7.5.)

An example of the electron spectra-observed_;h the lifetime study of the

first-excited state of 12 Ba is shown in Fig. 5.  The mean lifetime (1) for ihe

D As o . -10 : L . N
256-keV transition vas 2.7£0.5 x 10 7 seconds. The limits of error guoted ar

due mainly to the statistical uncertainty in the calculation of the centroids

of {he peaks in the electron distributions. (In determining the lifetime of the

-\?'

e e I

C L vmman e ey

b w wmame - 4

[ e e
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: : . = -1 .
vwas also measured. This vaelue, <8 x 10 seconds, has been sublracted frow 2

Clifetime to allow for the effect of the decay from the 4 2 1evel.) Figure O

shows the measured lifetime value for thc 256-keV transibion along with valuco

: . . X ' 19 ]
for some other nuclei. This figure follows that of Grodzins )). The valuc for

o s . . . 1 .
the lifetime as determined above gives a deforn@tlon (B) o Ba of O.?hi0.0?

L/ G/ 5)" (8/

vhere B 1is the deformation parameter of a spheroid given by 8

I

with Ro-the mean nuclear radius and AR the différence between the major and minor

semi-axis of the spheroid. Unfortunately the experiment does not distinguish
betveen an rms value of B resulting from oscillations about a sphor1<al shape
A

and a stable equilibrium value of B.

4.2 BARTUM-12k

12h
Of the five nucleil considered in this work, Ba has the least relishle

. e s s c 115 b
agssignments of gamma rays in its decay. It was produced in )]n( N,%n), and

116, 12 ‘ .
Sn( C, n) reactions, and the bvackground in these cases was much higher than

26 . . 115 1k . .
for 1 Ba, which was formed in an )ln( N,Bn) reaction. The maxinum yield of

12k - . .
~ Ba occurs at hlgher bombarding energies where more reactions are possible.

The products from these reactions all contribute to the background. Of thase
. . o1k - 12 . '
products, those formed in (7 N,xn) and (77C,0xn) reactions may becoms uselul
in future study of this region.
The 229-keV gammz ray vwas assigned as the 2 — 0 transition of = Ba.
116, 12 s - .
sn("“C,kn) spectrum shown in fig. 7, there is zlzo a

prominent 129-keV peak in the spectrum. This peak was-glso present in the

.y

2+ level, an approximate upper limit for the lifetime of the Wos-keV b transition .

O

i)
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In(th,ﬁn) reaction. It appears to follow the excitation function with the

other peaks which have been identified as . Ba transitions although this deter-

?ll5

. mination was crude enough to leave some qﬁestion;l Howevér, from a preliminary o
lifetime measﬁrement, ﬁhe 189—k¢V~lifetime appéared to be about an order of
Vmagnitude longer than the 229-keV transition and unreasonably long for a collec-
tive E2 transition of this eneréy; On the basis of this and the systematic
variatidn of.the energies of the first-excited sﬁates of the barium nuclei,

the. 229-keV transition was assigned as the 2 —» O transition. It is hoped that

future investigation on this nuclide will allow placement of the 189-keV transi-

12k

tion. Figure It gives the paréial—energy level diagram for
'
o .
s ooxmNON-122 S

— ' )
115In( lB,hn) reaction is shown in fig. 8.

‘ v for 115 1
While the background for this reaction is higher than/%he‘ ’ In('

The spectrum as found in the
0, . s
B,3n) reaction, .
the peéks found are essentially the same. The five transitions identified wifh_
122

“Xe are the most prominent; however, there is a peak at 460 keV which digd not

follow the same excitation function as the other peaks. This peak seems to be

_ - . 10 )
due to 12)Xe, and did not appear in the { B,5n) reaction to any extent. For

115, (11 : . . ‘

. .]51n( B,b4n) the 819-keV assignment is complicated by several peaks (see fig.
: ; i . . 115,10, .\ . ) A
8 ); assignment wag made by comparing with the In{"B,3n) peaks. The relative
intensities of thé’first four tfansitions, after correction for absorbers and v ;;

counter efficiency was 1.00:0.87:0.86:0.7k in lgeXe.
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Morinaga and Lark™ ") also studied the levels ol (?Xe using the Wt(%,hn)

reaction and NaI(Tl) counters. The agreement of the twvo vworks is good. The

-

partial level decay scheme as determined by the present work is shoun in fig. Q.

3.4 XENON-120

| The first three transitions of the grbund—state rotational band found in
the llsIn(loB,ﬁh)lgoXe reaction were assigned'without ambiguity (fig. 10). They
are very prominent,and'easily‘identified by their excitation functions and
systematic spacing. The next two peaks in the vand were not assighed, hovever,

with the same assurance and are shown as dashed in the level scheme in fig. 9

35 CERTUM-134

: : o " » ' 127,11
The spectrum oblained with the in-beom technique in the (I(] B, i)

.

. . s g 127,10 . ' . .
reaction is shown in fig. 11. The {1( B,Bn) reaction was also investigated

) ‘ot 127 . . . .
but the Coulomh excitation of T dominated the spectrum at the energics necessary

for the %n reaction. '

The assignment of the first two peaks agrees. well with the radicchenical

‘experiment. The'815-keV peak has been assigned as the 6 — U transition. The 871-

keV peak was tentatively assigned as the 8 — 6 transition, while the psak at OLO

keV was not assigned. The 871-keV peak was chosen on the basis of the sysicwatic

< . ' - . 15k
spacings involved. s Figure 12 shows the partial energy-level scheme for 2 Ce
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L. Discussion of Results

A summafy of the grpund—state rotational band transitions as deternmined
in this work is ghown in Table II. The classification system of the transitions A
has the following meanings: A, definité peak, definite assignmcnt;.B, definitc
peak, rather indefinite assignment; and C, indeffnite peak and indefiniﬁe agsign-
’ ' are <
ment.. The nuclei studied in this work/probably at the edge of a region of
deformation, and hence the transitions and deférmation determined.jn this work
are of interest in extending the knowledge of nuclear shapes in this region.

It must be pointed out in the beginnihg that no sharp discontinuity of
huclear properties occurs in this region (sﬁch ag is found in~tﬁe region above
tﬂé 82 neutron shéll) which would indicate theAdefinite onset of stab]evequilib—
rium deformations in the gfoﬁnd states of nuclei. Furtﬁermore, it has been
pointed out that the existence.df a stable eguilibrium deformation cannot be
established from a'knowledge of the energy of the first 2+ state and its E2
transition probability to the ground state (rms value of B) aione. Thus, to
.make definiterstatemeﬁts concerning nuclear shapes, one would have to know
copsidorably'more about higher collective (vibrational) excitations. TIn tho
absence of such information, we can only compare. the ground-stute band\propértias
of these‘nucléi with those of other nuclei, lyiné in regioné of the periodic
table where.there is more knowledge about the nuclear shapes. This has becn
done in previous étudies of this region, and we will present briefly the exten-
sion Qf these comparisons to the present data. However, it is our point of view
that the best estimate'of the shepe of a particular nucleus can be made from the

comparison of all the data Tor that nucleus with comparable data for other nuclel.

[¢4]
1
s
=
jart
)
[oTS
o
o
o+
jug
D

This. comparison will be pre end of this scction.
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Table 1L, Ground-state rotational band transj_‘l:.:i_onsw (kev_) .
g i ) l{_ B |
. 2 12 2 120, Bt
Iransition 1?OXe ~iip_z((___ ! P_@_L . U}_jjcl_ __]_f ~ Ce
. 2 0 321.8 A 331.1 A 229.5 A 256. 1 A h09.% A
b2 LW72.6 A L97.5 A 420.6 A hss, 5 A 633.9 A
L. , ‘ .
: 6 > 6014 A 638.2 A 575 B 621.4 A 81h.6 A
| 8 -6 701 C 749:9 A 634 ¢ 757.3. A 8714 B
. 10 -8 775 C 819 B : 829 ¢
}. . _—
%» The accuracy of these transitions is expected to be + 1 keV.
I
|
E
!
l .
]
i
i,
i
L e
r*"_{
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In stating the evidence Tor a new region of deformation with less than
b5 o .
82 neutrons, Chande ) used several methods to estimate the deformation ol the
barium nuclei from the energy levels involved. Two of these methods are:
(1) the comparison of the first-excited state energiles E?+ with an (EQI) it as
2 4 et
. 20 : . a “ A

suggested by Alder et al.” ') and (2) comparison of the observed Eh/hg’ hé/h?,
etc., ratios with those expected from the rotational model. The encrgy of the
first-excited state of the even-even xenon, barium, and cerium isotopes is shown
in fig. 1%. To obtain a rough indication of the transition belween rotational

and vibrational nuclei,thé energy of the Tirst-excited state is compared to the

. L 20y .
above-mentioned critical value ) given as:

' | 5° - -
(o )erit = 525 iy | / (1)

vhere S ., is the moment of inertia of a rigid rotator.  If E?i < (E§r>crjt’

-2

the implicatilon is that the nuclei might be deformed and rotational spectra

» . . 126 124 .
could occur. The first-excited states of Ba and Ba lie belov the valus
of (32;)ert as éan_be‘seen in fig. 13. It seems clear, however, that this

does not indicate anything more specific about these nuclei than that they lie

in a region where stable equilibrium deformations are plausible.

For even-even nuclel the ground-state rotational-band energy levels are

fairly well described using the rotational - formula:



S

il

=15~ o UCRL-169(h
where 1 represents the spin of the state, and § is the moment of inertiz, and
only even spin states and positive parity are alloved. Equation (2) predicts

the energy ratios:

EH/EE = 3.5%; E6/E2 = 7.00; etc.

Figure 1 shows the energy level ratio'S‘EI/E2 (ratio of the energy of the state

with spin I to the energy of the firét—excited 2+ level) for typical nuclei in

the other regions and the nuclides of this work. The rise in the rare-earth and

“heavy-element regions to values near the above predicted ones are regarded as an

indication of deformation in these regions. A rise can also be éeen for the

nuclei Jjust below 82_neutrons; however the rotational values are not very closely
approached. This does not seem to cast very much light on the question ol stable
deformations of ground states in this region.

with (}1.2+)crjt and the ratio bl/ D42

As seen in the comparison of Ey,

the more neutron-deficient barium iscotopes studied seem to have the largest

probability of stable deformation. The value for .the quantity Ei/E2+ for 120Xe,

as determined in this work, is lower than that for : 2Xe and, therefore, the

‘deformation (or tendency toward deformation) of the xenon isotopes may have

' . . 122 . . L
reached a naximum with Xer.  The more neutron-deficient isotopes of ceriunm,

: o,
-on the other hand, will probably have still larger (teﬂdency toward) deformatiocns,

and may well exceed those of the barium isotopes.

12

The lifetime for the first state in ““Ba can also be used to calculate

the enhancement factor, ¥, for this transition. The enhancement factor is:
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< T (ekperimental) 
F = -

\J\!v
~—r

s

(52

where the singlé proton transition probability; T&; is given byl9):-

2 (sp., 250) = 7.5 % 10

Ez(z '—>O)Au/5 I ()

: N s o R o
with Ey(E - 0) in MeV, Ty is in'sec 7, A is the mass number, the statistical
factor has been set equal to one, and the nuclear radii have been assumed to

. 126 o~
vary as r = 1_.2'Al/_5 fm. For the 2 —» O transition in Ba, F = 70, a value
' ! . .
- - B () )
s intermediate between deformed and spherical nuclei.

which again i

e~

In fig. 15 is shown the most complete comparison we could construct of”

1

‘ ﬁ%e information on three of thé presently studied nuclei with nuclei from other

p
r?éions.A Here we have plottéd the rotational constént, AI’ (aé defined {rom
the transition éﬁéréieé) fofhgii the known rotational (or vibrational) 1§veis
" .in the wvarious nuclei as a function of the épin of tﬁé upper level. 1In an
‘attempt to remove the massvdependenéé of the'enefgies, all Qere normélized to
A = 170 assuming anliﬁverse A5/3 dependence of the energies on mass number.
That'this is useful is empirically evideht,from the rathé; close grouping at
higher spins of levels from known rotational nucleikhaving masses ranging from
'156 to 238. Whether or not there is physical significance to this grouping at
high spins is not cl;ar,'and ve do not wish to pufsué that point here. Our

intent here is rather to show that an empirically useful normalization for mass s

" number is achieved, and, comparison of the presently studied nuclei with others

+

iy

+
4

is thus facilitated.
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In fig. 15 the height éf a foint is related to the energy difference
between successive 1evelS=(trgnsition energy), and the slope of the line con-
necting two pbints is related to the ratiorof successive transilion energies. -
Thué'froﬁ the plot one can compare both of these quantitiés for various nuclei.

The plot is so0 constructed that a perfect rotor would give a horizontal line.

-Jt is clear from Tig. 15 that at low spins the barium and xenon nuclei lie

above thosc nuclel whiich one is essentially certain have stable equilibrium

' : ) 164 156
deformations in their ground states (the ’ Dy - 7 Dy group). On the other

hand they lie clearly below those which are not deformed ih their ground states

90 ' ’
1S8Pt 19 Hg group). In fact, they are comparable in initial heighl with

the osmiwn and light platinom nuclei. When higher spin slates are congiderod,
{) | . L J

18

o : N
hovever, it is apparcnt that the Ba and Xe nuclei are very much like PL oand
not like the Os nuclei. The main characteristics of the heavier Os nuclei are

likely to be: low y-vibrational bands, the heaviest ones possibly being'y—unstable;

" but high B-vibrational bands and very likely stable equilibrium deformations. On

the obher hand the light Pt nuqlei'have very low B-vibrational bands, with stable

equilibrium deformations in the ground. state uncertain; bul higher y-vibrationad

energies than in the heavier Os nuclei, suggesting & clear preferencepfor axislly-

symetric (probably prolate) shapes. The Ba and Xe nuclei are pfesUmably 1ike

s

the light platinum nuclei above, a conclusion which is supported by the similarily

156

L Y 126, , 186 ) .
in shiape (but not nelgnt) belveen ~ Ba and Dy. The Dy nucleus ds cimoat

certainly like the light platinum nucleil, except that it ls reasonadly clemely
deformed in its ground state, and correspondingly is lower in helignt In fig. 10,
18

i : ’
7 Nuclei such as Pt and the light Ba and Xe nuclei =studied heore, must be

quite soft toward deformamtion (low B-vibration) and are likely to be stretched
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under rotation to become deformed nuclei. This is indicated in fig. 19 by thair

rapid drop with increasing spin to the region of the clecarly rotational nuclei.
Whether they are deformed in their ground states is nol really clear, however,
. JOH ‘ >
even for ‘Pt where ground, £, and -y bands all appear. to be known. To decide
this point on the basis of the pregent datae one would have to carry out model
o ‘ _ o , . .
calculations of the type done by Kumar and Beranger ), and when the known
characteristics of the levels are reproduced, the ground stale wavelunction

can be examined. Perhaps other experimental indications of the ground state

shape can be found; however, this is not so easy if one does not assume that

b the shapes of the ground and lowest 2+ states are necessarily the same.

|

i
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Figure Captions

Uiy~ 1407

Vertiical cross-section of the experimental setup for gamma-vay

detection.

Drawing of the target-high voltage assembly used to measure the

lifetime of the first-cxeited slate of

o120 ) .
f Pa.o  Thoe distance o

could be varied, while the distance b was [ixed. -

126,

Pulsé-height spectrum of 7 "Ba as

bowbarded by 52 MeV l N .ions.

N
observed from an Im tareot

The partial level schene of'barium isotopés as Tound in this work.

e
-

The electron spcctra'in the region of the K  line of the 295 keV

- 0

.

transitions {rom an
using the lifetime apparatus.
Reciprocal transition.probability

of energy, E2+

In target bombarded with

o 14
He MV N oan Tound

T—l (2 »0) =1 as a function
Y Y

. The solid point represents the value determined in

A

the present work. The open circle values are from ref. 19.

12k -
Pulse-heignt spectrum of Ba as

bombarded with 80 MeV 12C ions.

. 122 .
Pulse-heignt spectrum of Xe as
_ R T B |
bombarded with 57 MeV "B ions.
The partial level schenies of xenon
s e -, 120,
Pulse-heignt spectrum- of Xe as

10

bombarded with &7 MoV ~UB ions.

: f‘ L . 1.]_.7.’.;,
Pulse-heignt spectrum of " te as
. IR — Sl .
bomparded with 59 MeV B ions.
15k

scneme for Ce.

Partial level

-~

10
observed from a Sn target

15

observed from an In target

isotopes as found in this worx.

: 115,
observed from an ’In targot

e

127,
observed from an = 1 target



Fig. 15.

Fig. 1b.

Fig. 15.

The rotational constant, A
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The energy of the first-excited states of the even-ecven xenon,

barium, and cerium isotopes. The (. ) .. shown s the dashed
. . e erit
estimated region ol : .

line indicates the/transition belweon spherical and spheroidal
4

. v 132 . . .
nuclei. (The ~~ Ce point is an approximate value asg observed

17 e,
in the (I (] C,7Tn) reaction.

" The energy ratio EI/E2+ of the even-even nuclei represented.

The neutron closed-shells are indicated by the vertical dashed

lingés; the Bohr-Mottelson theoretical limits are shown.as

horizontal dashed lines. The data has been given in ref. 5.

17 defined from the transition energy
is plotted versus the spin, I, for a variety of nuclei including

three from this work. All the nuclei were normalized to mass 170

[y . : -
by assuming an inverse A)/j dependence of the energies on mass

number .
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This report was prepared as an account of Government
sponsored work. Neither the United States, nor the Com-
mission, nor any person acting on behalf of the Commission:

A. Makes any warranty or representation, expressed or
implied, with respect to the accuracy, completeness,
or usefulness of the information contained in this
report, or that the use of any information, appa-
ratus, method, or process disclosed in this report
may not infringe privately owned rights; or

B. Assumes any liabilities with respect to the use of,
or for damages resulting from the use of any infor-
mation, apparatus, method, or process disclosed in
this report.

As used in the above, "person acting on behalf of the
Commission" includes any employee or contractor of the Com-
mission, or employee of such contractor, to the extent that
such employee or contractor of the Commission, or employee
of such contractor prepares, disseminates, or provides access
to, any information pursuant to his employment or contract
with the Commission, or his employment with such contractor.
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